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I.  INTRODUCTION 

This  is  the  fifth  in  a  series  of  reports  discussing  results  of 
propagation  tests  in  the  Point  Mugu  area  1,  2,  3,  4/.  Measurement 
procedures,  discussion  of  expected  results  on  the  basis  of  theoretical 
studies  of  the  propagation  paths,  and  meteorological  characteristics 
were  contained  in  Progress  Report  No.  2  2  /.  Since  the  completion 

of  the  preceding  report  (Progress  Report  No.  4)  which  contained  data 
evaluation  up  to  July  1,  1956  4/,  results  of  radio  measurements  up 

to  November  1,  1956,  have  been  analyzed  and  are  presented  below. 
Only  radio  data  will  be  included  in  this  report.  Comparison  of  radio 
and  meteorological  data  for  the  first  full  year  of  operation  on  394  Me 
will  be  contained  in  another  report. 

Available  radio  data  include  measurements  over  the  paths  San 
Nicolas  Island -Laguna  Peak,  and  San  Nicolas  Island -Bldg.  50,  both 
on  394  Me. 

II.  ANALYSIS  OF  HOURLY  MEDIAN  VALUES  OF 
BASIC  TRANSMISSION  LOSS 

The  data  obtained  for  the  period  from  July  1  through  October  31, 
1956,  have  been  analyzed  in  the  same  manner  as  shown  previously.  2  / 
Results  are  given  in  terms  of  hourly  median  values  of  basic  trans¬ 
mission  loss  plotted  for  each  month  versus  the  time  of  day  in  the 
form  of  cumulative  distributions,  and  in  the  form  of  scatter  diagrams. 

Figs.  1-4  show  scatter  diagrams  of  the  diurnal  variations  of 
hourly  medians  for  the  San  Nicolas  Island -Bldg.  50,  and  the  San 
Nicolas  Island -Laguna  Peak  paths.  Each  dot  represents  one  hourly 
median  value  measured  during  the  hour  indicated  on  the  abscissa 
scale.  The  10,  50,  and  90  per  cent  lines  indicate  values  of  hourly 
median  basic  transmission  loss  not  exceeded  for  10,  50  and  90  per 
cent  of  all  hours  during  the  month.  There  is  a  noticeable  diurnal 
trend  for  the  Bldg.  50  median  for  July,  August  and  September,  with 
higher  values  of  hourly  median  field  intensity  for  afternoon  and  early 
evening  hours.  For  the  previous  eight-month  period,  only  March  and 
June  showed  a  slight  diurnal  trend,  suggesting  that  such  a  trend 
occurs  at  Bldg.  50  only  during  the  summer  season.  As  stated  in  the 
previous  report  similar  measurements  over  paths  in  eastern  Colorado 
showed  much  more  pronounced  diurnal  trends,  with  the  maximum 
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fields  occurring  during  the  early  morning  hours. 

Fig.  5  shows  cumulative  distributions  of  the  hourly  median 
basic  transmission  loss  values  observed  for  both  paths.  The 
abscissas  on  this  figure  are  so  constructed  that  a  straight  line 
plotted  on  the  graph  would  constitute  a  log-normal  distribution  of 
field  strength.  The  table  below  summarizes  significant  percentage 
values  taken  from  Fig.  5,  and  from  a  similar  table  of  the  previous 
report  4/  which  characterize  the  behavior  of  hourly  median  values 
for  November  1,  1955,  through  October  31,  1956.  The  number  of 
hours  shown  are  the  ones  for  which  reliable  data  were  available.  The 
overall  monthly  median  is  that  value  of  hourly  median  basic  trans¬ 
mission  loss  exceeded  for  50  per  cent  of  all  hours  during  the  month. 


Overall  Monthly  Median  Values  of  Basic  Transmission  Loss 

Laguna  Peak  Building  50 


No.  of  Hours 


Median 


No.  of  Hours  Median 


Nov.  1955 

700 

128.  7 

465 

142.  2 

Dec . 

726 

126.  6 

711 

150.  0 

Jan.  1956 

729 

125.  8 

726 

141.  7 

Feb. 

627 

127.  2 

640 

148.  6 

Mar. 

679 

131.  7 

732 

140.  0 

April 

692 

130.  3 

686 

152.  0 

May 

706 

126.  5 

681 

148.  7 

June 

688 

127.  5 

702 

140.  4 

July 

687 

126.  8 

729 

136.  3 

Aug. 

726 

127.  4 

711 

140.  6 

Sept. 

52  9 

128.  5 

715 

128.  3 

Oct. 

587 

124.  2 

72  5 

144.  9 
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Range 

of  Hourly  Median  Value  s  of  Basic 

Transmission  Loss  in  Decibels 

Date 

Laguna  Peak 

Building 

50 

1-50% 

10-50% 

50-90%  50-99% 

1-50% 

10-50% 

50-90% 

50-99% 

Nov.5‘ 

5  7.  4 

3.  4 

5.  1 

10.  8 

22.  0 

17.  0 

11.  8 

14.0 

Dec . 

7.  7 

4.4 

6.  3 

12.  9 

29.  8 

18.  5 

3.  2 

8.  1 

Jan.  56  5.  1 

3.2 

6.  1 

11.8 

23.  7 

15.  3 

9.  6 

11.  8 

F  eb. 

4.  7 

2.0 

5.4 

10.  5 

29.  2 

19.  3 

5.  1 

6.  2 

Mar. 

8.  0 

4.  3 

5.4 

10.  8 

19.  1 

12.  8 

15.  0 

17.  8 

Apr. 

7.  1 

4.9 

4,  5 

9.  5 

28.  1 

18.  9 

5.  3 

8.  0 

May 

4.  4 

2.  2 

4.  6 

11.0 

28.  8 

20.  5 

3.  7 

5.  4 

June 

7.  6 

4.4 

6.  0 

10.  6 

20.  9 

12.  6 

10.  3 

14.  2 

July 

6.  8 

4.2 

7.  7 

14.  4 

16.6 

9.  7 

15.  4 

17.  8 

Aug. 

6.  8 

3.  2 

7.  1 

13.  0 

19.  3 

13.  3 

11.2 

14.  8 

Sept. 

8.  4 

5.  3 

6.  3 

11.  3 

13.  2 

8.2 

10.  9 

20.  5 

Oct. 

5.  4 

2.  8 

5.0 

12.  5 

24.  0 

15.  9 

6.  9 

9.2 

The  above  tabulations  show  that  no  well  defined  seasonal  trends 
are  evident  in  the  data  for  this  four -month  period.  Variations  in  the 
monthly  medians  from  month -to-month  are  less  for  Laguna  Peak  than 
for  Building  50.  This  is  also  the  case  for  the  previous  months  from 
November,  1955,  through  June,  1956.  The  maximum  variation  in  the 
monthly  medians  from  month -to -month  at  Building  50  occurred 
between  September  and  October  and  had  a  value  of  16.  6  db.  The 
month-to -month  behavior  of  basic  transmission  loss  is  also  illustrated 
by  the  graphs  of  Figs.  12  and  13. 

III.  ANALYSIS  OF  PROLONGED  SPACE -WAVE  FADEOUTS 

Prolonged  space -wave  fadeouts  over  the  San  Nicolas  Island- 
Laguna  Peak  path  were  observed  very  frequently  during  the  entire 
measurement  period.  In  conformance  with  previous  studies  5  /  this 
term  applies  to  those  fadeouts  for  which  the  signal  level  dropped  at 
least  five  decibels  below  the  monthly  median  value  for  at  least  one 
minute,  and  only  those  fadeouts  were  considered  in  the  study.  For  the 
purpose  of  the  analysis  fadeouts  were  classified  according  to  the 
amount  of  time  during  which  the  signal  level  was  reduced  by  at  least 
5,  10,  15,  20  and  25  db  with  reference  to  the  monthly  median  level. 

The  diurnal  distribution  of  the  fadeouts  to  the  various  levels  is  shown 
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in  Fig.  6  for  each  month.  There  is  a  diurnal  trend  for  July  and 
August,  with  the  largest  percentage  of  fadeout  time  occurring  in  the 
afternoon  hours.  This  trend  was  not  apparent  for  the  previous 
months  studied,  nor  is  there  an  apparent  trend  for  September  and 
Octobe  r . 

Fig.  7  shows  cumulative  distributions  of  the  durations  of  in¬ 
dividual  fadeouts  observed  at  Laguna  Peak.  From  these  graphs,  the 
percentage  of  occurrence  of  fadeouts  of  a  given  duration  may  be 
determined  for  each  month.  The  following  table  shows  a  comparison 
of  the  median  duration  for  various  levels. 


Median 

Level  Below 

Duration  of  Fadeout  (In  Minutes)  to  Indicated 

the  Monthly  Median  Basic  Transmission  Loss  Value 

Month 

5  db 

10  db 

15  db 

20  db 

2  5  db 

Nov.  1955 

7.  9 

4.  6 

3.  1 

1.  8 

1.  7 

Dec . 

8.  7 

6.  8 

6.  2 

3.  2 

2.4 

Jan.  1956 

9.0 

4.  3 

2.  2 

1.8 

* 

F  eb. 

8.  7 

5.  4 

4.  0 

2.  2 

1.0 

Mar. 

6.  7 

4.  8 

2.  5 

1.  5 

1.  3 

Apr. 

5.  1 

4.  5 

3.  2 

1.  8' 

1.4 

May 

5.  7 

4.  7 

2.  4 

1.  9 

1.  5 

June 

5.  8 

4.0 

2.  7 

1.  7 

1.  1 

July 

8.  0 

4.  2 

2.8 

1.  6 

1.  2 

Aug. 

6.2 

3.  2 

2.  2 

1.  4 

1.  1 

Sept. 

10.  5 

4.  9 

3.  1 

2.  1 

1.  6 

Oct. 

8.  7 

5.  7 

3.  0 

1.  9 

1.  5 

*  43%  of  the 

observed  25  db  fadeouts  for  January  were  longer 

than  one  minute. 

Figs.  12  and  13  show  the  month-to -month  trend  in  the  per¬ 
centage  fadeout  time  (to  the  5  db  level  below  the  monthly  median).  As 
an  example,  during  July  the  Laguna  Peak  signal  dropped  to  at  least 
5  db  below  the  monthly  median  during  approximately  20%  of  the  total 
recording  time. 
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The  graphs  of  Fig.  7  also  permit  estimates  of  the  fadeout  dura¬ 
tion  for  other  percentage  values,  and  show  what  percentage  of  the 
observed  fadeouts  at  the  various  levels  were  longer  than  one  minute. 
From  the  table  it  is  seen  that  the  month  of  December,  1955,  shows 
the  longest  median  duration  of  fadeouts  for  all  except  the  5  db 
reference  level. 

It  is  pertinent  to  tabulate  the  longest  fadeout  to  the  indicated 
levels  which  were  observed  during  the  period  analyzed,  as  shown 
below. 


Level  in  db  Duration  in  Minutes  Date  and  Hours  of  Occurrence 


5 

265 

Aug.  3 

1459 

-  1924 

10 

100 

July  6 

2133 

-  2313 

15 

46 

Oct.  2 

170  3 

-  1749 

20 

17 

Oct.  2 

1716 

-  1733 

25 

9 

Aug.  2 

1607 

-  1616 

It  should  be  noted  that  a  misprint  occurred  in  the  similar  table 
shown  on  Pg.  5  of  the  previous  report  4  /.  The  "Hours  of  Occurrence" 
column  for  the  2  5  db  level  should  read  correctly  1217  to  1231  instead 
of  1211  -  1237. 


IV.  ANALYSIS  OF  FADING  RANGE 

The  short-term  variations  observed  at  Bldg.  50  may  be  con¬ 
veniently  characterized  by  the  fading -range ,  which  by  definition  is 
the  db  difference  of  signal  strength  (or  transmission  loss)  levels  ex¬ 
ceeded  for  10  per  cent  and  90  per  cent  of  each  hour.  Over  a  path  of 
this  type  (extending  slightly  below  the  radio  horizon)  short-term  varia¬ 
tions  may  be  caused  by  comparatively  rapid  changing  atmospheric 
conditions  due  to  ducts  or  ground  based  and  elevated  layers,  producing 
a  relatively  slow  fading  signal.  More  rapid  fading  is  normally  caused 
by  a  field  component  due  to  scattering  which  is  superimposed  on  a 
steady,  or  slowly  varying  component. 

In  order  to  obtain  a  picture  of  the  amount  of  within -the -hour 
fading  regardless  of  the  associated  refractive  index  profile,  the  fading 
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range  values  observed  at  Bldg.  50  have  been  plotted  on  Figs.  8-11  in 
the  form  of  scatter  diagrams  and  cumulative  distributions.  In 
contrast  to  the  behavior  of  the  hourly  median  basic  transmission  loss 
value  8  discussed  above,  no  well-defined  diurnal  trend  is  found  for  the 
fading  range.  The  following  tabulation  shows  values  taken  from  the 
cumulative  distribution  graphs  of  this  and  previous  reports. 


Date 

Median 
Fading  Range 

Fading  Range  Fxc 

eeded  for: 

1%  of  all  hrs.  (db)  10% 

of  all  hrs.  (db) 

Nov. 

1955 

6.  5 

23.  2 

14.  5 

Dec . 

3.  5 

16.  8 

11.  7 

Jan. 

1956 

6.  3 

19.  5 

14.0 

Feb. 

4.4 

21.  6 

13.  5 

Mar. 

7.  4 

22.  8 

14.  5 

Apr. 

3.9 

19.  1 

12.  4 

May 

5.  8 

18.  6 

13.  1 

June 

10.  0 

19.  6 

15.  6 

July 

10.  7 

20.  0 

15.  6 

Aug. 

10.  3 

20.  4 

15.  8 

Sept. 

9.  3 

21.8 

15.  6 

Oct. 

8.  3 

22.  1 

14.  9 

The  values  tabulated  above  are  also  shown  graphically  on  Fig.  12. 


V.  ANALYSIS  OF  MONTH-TO -MONTH  TRENDS 

Fig.  12  shows  the  month -to -month  trends  in  signal  characteris¬ 
tics  for  both  the  Laguna  Peak  and  the  Bldg.  50  paths.  On  this  figure 
the  trend  of  overall  monthly  medians,  of  the  1%  to  99%  range  of 
hourly  medians,  and  of  the  fadeout  percentages  is  depicted  for  the 
Laguna  Peak  path.  For  the  Bldg.  50  path  the  fadeout  percentages 
are  replaced  by  the  within -the -hour  fading  range. 

Fig.  13  shows  also  additional  month-to -month  trends  in  signal 
characteristics  for  the  Laguna  Peak  path.  Besides  the  trend  in  the 
overall  monthly  medians  and  the  fadeout  percentages  it  also  shows  the 
month-to -month  trends  in  median  fadeout  duration. 
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Fig.  1Z  indicates  a  certain  amount  of  correlation  between  the 
range  of  hourly  medians,  and  the  percentage  fadeout  time  observed  at 
Laguna  Peak.  Both  quantities  show  high  values  for  the  summer 
months,  and  comparatively  lower  values  for  February,  May,  and 
October.  A  comparison  of  the  trend  of  monthly  medians  and  fading 
range  for  Bldg.  50  shows  especially  for  the  period  November  to 
July  very  good  correspondence  between  these  quantities.  Low  trans¬ 
mission  loss  values  (or  high  fields)  correspond  to  high  values  of 
fading  range,  and  vice  versa.  This,  of  course,  may  be  expected  from 
a  study  of  the  behavior  during  individual  hours,  where  low  transmis¬ 
sion  loss  values  are  usually  associated  with  a  slower  fading  over  a 
larger  range,  and  high  transmission  loss  values  usually  show  rapid 
fading  with  a  small  range.  The  connection  of  these  phenomena  with 
meteorological  characteristics  has  been  pointed  out  before  3  /,  and 
will  be  further  investigated  in  a  future  report.  Fig.  13  indicates  a 
very  rough  correspondence  of  the  behavior  of  basic  transmission  loss, 
percentage  fadeout  time,  and  median  duration  of  the  individual  fade- 
outs. 


VI.  CONCLUSIONS 


Analysis  of  twelve  months'  transmission  loss  measurements  on 
394  Me  over  the  San  Nicolas  Island -Laguna  Peak,  and  the  San  Nicolas 
Island -Bldg.  50  paths  show  similar  results  to  those  presented  in  the 


Specifically,  the  presence  of  some  diurnal 


trends,  in  hourly  median  basic  transmission  loss,  fading  range  at 
Bldg.  50,  and  occurrence  of  prolonged  space -wave  fadeouts  on 
Laguna  Peak  is  noted. 


VII.  FUTURE  PLANS 


The  next  report  will  contain  the  evaluation  of  a  full  year's  data 
in  conjunction  with  meteorological  parameters  derived  from  refractive 
index  profiles.  Specifically,  basic  transmission  loss,  fading  range, 
and  the  characteristics  of  prolonged  space -wave  fadeouts  will  be 
presented  as  functions  of  layer  heights  and  refractive  index  gradients. 
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